The rapidly increasing demand for beef and dairy products especially milk in an environment that has become super sensitive to climate vagaries as a result of climate change and variability have no doubt become a topical issue in today's man-environment relationship debate. Cattle production in Jakiri is an activity that derives its mere existence from the primary resource base of rangelands (pasture) and water availability. Intra as well as inter-annual variability and trends of rainfall thus play an important role in determining this resource base and water availability on which cattle production depends in this area. Furthermore, the quantity of milk produced significantly depends on the availability of this resource base to the cows that are used for crude milk harvesting. This study therefore sets out to examine the extent to which rainfall variability has been affecting cattle and milk production which sustains a good number of livelihoods in the area. Being located within the Montane Guinea savannah ecological zone of Cameroon, the study makes use of rainfall data for a period of 33 years and commercial milk production figures since its introduction in Jakiri in 1998. These recorded data were complemented with field surveys, focus group discussions with the graziers and the milk production farmers, field interviews with veterinary experts and secondary data. Although rainfall and milk production relationships on annual and dry season bases do not seem statistically significant, they however do so, on wet season basis. The increasing variability of rainfall especially during the dry season significantly necessitate the transhumant operation into the neighbouring river valleys and flood plains. Given this intricate relationship between rainfall and cattle production as well as other threats to the full functioning of rangelands, the study proposes recommendations that if implemented, can boost cattle and milk production that sustains the lives of people.
Introduction
Cattle and milk production in Jakiri Sub-Division is an activity that employs both the migrated Fulanis and the indigenes of the area. Besides providing employment, the products from this activity are in high demand from the increasing populations in Jakiri in particular, and the North West Region in general (Ndenecho & Balgah, 2007) . The production of cattle in this area lends credence to the interaction of average rainfall, temperature, elevation and latitude to provide rangeland herbaceous species, shrubs and/or open stands of trees (Strahler & Strahler, 2005; Krebs, 1792) . In much the same way as Watson et al. (1996) pointed out, while the contribution of grazing systems to the world's meat and dairy supplies is limited, these systems have the most direct interface between livestock and land, water and biodiversity which covers a sizeable proportion of the usable surface area of Jakiri Sub-Division. This vegetation supports cattle production in particular and pastoralism in general. This paper therefore aims at examining the variability in rainfall and the ecological transformation of rangeland on cattle production in Jakiri. This paper also establishes the extent of rainfall variability and trends with respect to seasonality and annual patterns as well as the ecological situation in Jakiri and its changing patterns over time.
The Problem
The profound decline in the production of beef, dairy products as well as cattle numbers has become a cause for concern as to what must have orchestrated them. Perhaps whether a coincidence or not, the decline appears to have been in line not only with the degradation of the ecological status of the rangeland but equally with the increasing deterioration of the climatic conditions especially. These worsening climatic conditions are reflected through increasing variability, reducing amounts of rainfall over time and the increasing aridity of the dry season that is associated with the enhanced decline in drier season rainfall. The results of these are two-fold; they have not only threatened the standard of living of mankind in terms of the reduced quality of diet, but, also employment given that cattle production generally constitutes a major aspect of agriculture which is the backbone of the economy of Cameroon in general and Jakiri in particular. Furthermore, the dominantly rangeland ecology of this area has been greatly transformed. This is an area closer to the Sudano-Sahelian belt that has been witnessing desertification. Yet, this area has, through time, witnessed increased growth in settlement, deforestation and especially unsustainable agricultural practices such as over-grazing, slash-and-burn and shifting cultivation. These activities have greatly enhanced the transformation of the ecology of the area thus, undermining cattle production efforts. Furthermore, the introduction of milk production in the area since the last quarter of the 1990s has been greeted as a new innovative idea since it has helped in keeping the Fulani woman busy. However, the continuous variations in rainfall in the area has been a threat to the sustenance of milk production especially during dry spells when pasture and water availability
Materials and Methods
Jakiri Sub-Division is located in the North West Region of Cameroon (Map 1 , with an altitude of about 5500 feet above sea level (Helvetas-Cameroon, 2006 , in Tata, 2008 . The area has a climate that could be described as a transitional montane and the Sudan type, with alternating wet season (March to October) and dry season (November to February). This climate has thus favoured greatly the savannah vegetation that provides rangelands with suitable species of herbs, shrubs and dotted stands of trees. The study made an extensive analysis of intra and inter-annual rainfall variability from rainfall data covering a period of about 33 years. Running averages in blocks of 7 on both annual and seasonal bases as well as their dependable rainfall were computed to know the trends in the rainfall patterns in Jakiri over the same period. The rainfall data was collected from the Divisional Office in Jakiri, while milk production figures were compiled from the registers and final reports of Community Dairy Farming Organisations in the area.
The link between rainfall variability and milk production on annual as well as seasonal bases was computed using the Product Moment Correlation Coefficient and the accompanying student t-test with their respective degrees of freedoms to examine if such a relationship was scientifically significant or not. Furthermore, field observations were done in 2008, 2009, and 2010 on the spatio-temporal growth of human activities such farmlands, settlements, and the planting of eucalyptus plant species which is considered to be 'an environmental terrorists' on rangelands. These observations helped in assessing the extent of the transformation of the dominantly rangeland ecology in Jakiri Sub-Division. Interviews and disease diagnosis were also done with the Veterinarian in order to acquire information on the deseases affecting cattle and the seasons in which they are most prevalent. The relationship between rainfall variability and milk production (on annual and seasonal bases) was computed using the Person's Product Moment Correlation Coefficient. The probability value was 0.05 level of significance. 
Rainfall Variability and Trends
From the data collected, different periods of grazing and the availability of endemic cattle forage in particular areas have shown that rainfall is not evenly distributed in the area. Perhaps this could be linked to the fact that a greater proportion of the Sub-Division (such as Vekovi, Ntunir and Tashem) is located on a higher altitude on the South Western part while the rest is made up of lowland areas especially those on valley sites and on the upper edge of the Ndop plain such as Ber and Wasi located. Moreover, some areas such as Vekovi, Shuukov and Yer possessing much of forest vegetation, exist alongside the dominantly Savannah vegetation areas in Tan, Ntunir and Wainamah. In line with Money (1956) , these factors act significantly in determining the convective activities of the South West Monsoon winds that help in bringing moisture from the Atlantic Ocean and thus account for the spatial rainfall variations.
The calculated Co-efficient of Variance (C.V.), expressed as a Percentage, indicates the dependability of rainfall for cattle production in Jakiri Sub-Division. In this regard, the threshold levels of C.V. for the interpretation are: yearly rainfall: 25%, seasonal rainfall: 50% (Storch & Zwiers, 1999) . Jakiri, with a C.V. of 10.05% (for the 33 year-data) within the annual threshold limit of 25% indicated that the occurrence of mean annual rainfall (2101.9mm) is highly dependable and variation is minimal. This average rainfall amount is needed for the growth of cattle forage and so favours cattle production. Yearly deviation of rainfall using the 7-year running mean reveals that rainfall amounts over the 33 years period under study have decreased. The absolute sum of the deviations during the 7-year block periods has shown a sharp and continuous increase, depicting an increase in variability, as shown in Figures On seasonal basis, the variability and the respective 7-year running means depict that cattle production can depend with some greater certainty on rainfall during the wet (rainy) season. The calculated seasonal C.V of 9.8% falls within the seasonal threshold range of <50%. Though the dry season C.V of 47.8% falls within the threshold limit of <50%, this dependability is however questionable owing to the high value, which is almost at the threshold level of 50%. This explains why during the dry season, herders and their herds undertake the transhumance operation in to valleys and the Ndop Plain and only return during the wet season. Just like the annual trends, seasonal trends of rainfall over the 33 years considered have been seen to be decreasing especially during the last 7 years. The season wise deviation of rainfall has also been studied using the 7-year running mean. The last 7 years depict a greater decrease of rainfall during the wet season, which shows much variability. However drastic reduction of rainfall has been during the dry season with greater variability. In Table 1 , Jakiri Sub-Division has a total grazing land classified according to ardorate (a rangeland side that is under the care of an Ardo -the Muslim leader in the rangeland) of about 5350ha with 12226 cattle grazing on them, and controlled by 342 herders. 
Rangeland Ecological Situation
Jakiri has a grazing area of about 5350ha of the 675km 2 total surface area (MINEPIA, 2007 in Tata, 2008 . The changing seasons and sustained climatic variability have significantly influenced rangeland transformations on which livestock especially cattle production depend. The pendulum-like transformation of the ecology from luxuriant growth in biodiversity and water availability during the wet season, to near loss of biodiversity and the drying up of most water points exacerbated during prolonged periods of drought conditions in the dry season acts as a yard stick of assessing the positive and negative implications of such transformation on cattle production (Chapman & Reiss, 1999; Ndenecho, 2005) . Such transformation is seen to be as a result of climatic factors, fires, land use and management and the planting of the exotic eucalyptus tree species. This last factor has been seen largely as an anthropogenic-induced cause of such transformation with great severity. The transformation of the ecology of Jakiri from the analysis has to an extent been the interaction of rangelands and the number of cattle on them in Table 1 , which greatly reflects the carrying capacity of the total grazing land. This has been statistically proven since, with the degree of freedom of 6, the table t -value at 5% level of significance is 2.45. Since the table value (2.45) is less than the calculated t -value (2.95), there is therefore a high correlation between the transformation of the ecology and cattle production in Jakiri Sub-Division. One can therefore say with of certainty, that the positive correlation result of 0.77 must not have occurred by chance.
Furthermore, the seasonal climatic changes in rangelands influence the pattern of diseases that affect cattle (Ayouade, 1993) . Their prevalence is significantly attributed to the interaction between the climatic parameters of moisture, temperature and relative humidity. The upland rangelands though abundantly blessed with fodder during the wet season, are marked by the prevalence of wet season diseases. In much the same way, though the dry season transhumance areas provide the scarce fodder during this season, the prevailing ecological conditions also permit the breeding of a number of disease vectors and parasites that affect cattle production (Table 2 ). These diseases do not only result in morbidity and mortality, but the morbid state of the cattle equally affects milk production, as the quality and quantity drop due to emaciation. 
Rainfall and Milk Production
Rainfall variability and trends were also correlated with milk production on seasonal bases (Table 3) . Though it has been noted that such links are incompatible, it is important to point out that it is as a result of the subsistence level of dairy activities in the area. The number of cattle used for calving and the quantity of calved milk is too small to be linked to the rainfall with an average of 2101.9 mm. With a degree of freedom of 8 at 0.05 level of significance, we can conclude that there is no correlation between rainfall and milk production on wet season basis. The production and processing of milk in the area in 1996 started timidly. Milk production amounts however increase from 1999 up to 2005 although the wet season quantity dropped again in 2006 and 2007. Similarly, with a degree of freedom of 8 at the 5% level of significance, there is no correlation between dry season conditions and dry season milk production, since the table t value of 2.31 is greater than the calculated t value of 1.43. It can thus be concluded that the positive correlation coefficient of 0.45 must have occurred by chance, and as such, not statistically significant.
Conclusion
This study has assessed the relationship that exist between rainfall variability on one hand and cattle and milk production on the other hand. The analysis further show that rainfall affects the rangeland conditions of the area and with concomitant effects on cattle grazing and milk production. Therefore, the constant climatic fluctuations and the unsustainable activities of humankind in this highland area are some of the major problems that affect the www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 10; 2012 full functioning of the rangeland ecosystem with respect to sustaining cattle production. Among the uunpleasnt human activities that have significantly transformed the rangeland ecology are the extension of crop production and settlements into the rangelands, the frequency of bush fires, and the planting of the exotic eucalyptus plant species which brings more aridity in rangelands. It is, therefore, based on the importance of this activity that the recommendations which follow have been made, which, if implemented, could contribute significantly in improving cattle production in the midst of a constantly variable climate in the area like elsewhere in the world.
Recommendations
To ensure cattle production with respect to milk production, the encroachment of farmlands and settlements into rangelands, such as the planting of Eucalyptus, deforestation through burning of rangelands by the local population should be discouraged since together with the climatic stressor, they help in negatively transforming the ecology of the area. This would help in not only restoring the biodiversity of the area and increasing stream discharges (Amawa, 2001 ), but will enhance greater convective activities through minimising the albedo aspect and enhancing the absorption of solar radiation (and thus increasing the rainfall amounts).
There should be a revitalisation of the National School of Livestock and Veterinary Sciences in Jakiri, whose activities has, for quite some time now, declined and even stopped since 2008. It should be raised even to International standard. This can be done by recruiting professionals and technical trainers and increasing the existing structures to at least fair standards. The training of such experts and technicians in the cattle rearing fields, together with the existing National Corporation for Animal Production (SODEPA), co-working with herders, can help intensify cattle and milk production by using more capital-intensive means to help raise production. They will also help a lot in understanding and mitigating the negative effects of pests and diseases that affect cattle.
Though rainfall data when analyzed do not show much variation when compared to cattle production (milk production in this case), meteorological stations should be equipped with a good number of weather instruments to record not only rainfall as it is the case in the area, but also other weather elements sich as temperature, humidity, and windspeed among others which are other climatic components that affect livestock and milk production in the area by the stake holders concerned. This will help provide climatic data which when analysed could be useful in the monitoring and management of rangelands to ensure the sustainability of free range grazing in the sub-division. Besides, the data could be of assistance to crop farmers, especially in predicting the planting period with some degree of certainty. This is important as the results from the field show that ecological transformation has a negative effect on cattle productionThough a lot has been done in this area by the Heifer International Organisation (a Non-Governmental Organisation) in the commercialisation of milk, more still needs to be done by the Government of Cameroon and the local council, by the way of the provision of storage facilities for milk which is a vital ingredient in the diets of the people.
